Bacterial diarrheal diseases cause substantial morbidity and mortality in sub-Saharan Africa, but data on the epidemiology and antimicrobial susceptibility patterns of enteric bacterial pathogens are limited. Between May 1997 and April 1998, a clinic-based surveillance for diarrheal disease was conducted in Asembo, a rural area in western Kenya. In total, 729 diarrheal specimens were collected, and 244 (33%) yielded у1 bacterial pathogen, as determined by standard culture techniques; 107 (44%) Shigella isolates, 73 (30%) Campylobacter isolates, 45 (18%) Vibrio cholerae O1 isolates, and 33 (14%) Salmonella isolates were identified. Shigella dysenteriae type 1 accounted for 22 (21%) of the Shigella isolates. Among 112 patients empirically treated with an antimicrobial agent and whose stool specimens yielded isolates on which resistance testing was done, 57 (51%) had isolates that were not susceptible to their antimicrobial treatment. Empiric treatment strategies for diarrheal disease in western Kenya need to be reevaluated, to improve clinical care.
Diarrhea is a major cause of morbidity and mortality in the developing world [1] . After acute respiratory illnesses, childhood diarrhea is the most important cause of disability-adjusted life years lost [2] , and diarrhea has the single greatest adverse effect on children's growth and development [3] . Approximately 5 episodes of diarrhea per child per year occur among children !5 years old, and ∼0.2% of the cases are fatal [4] . Sub-Saharan Africa is among the regions with the highest morbidity and mortality from diarrheal diseases [1] ; however, detailed population-based surveillance data and antimicrobial susceptibility patterns of specific bacterial diarrheal pathogens for the area are lacking.
In 1997, the Centers for Disease Control and Prevention (CDC) and the Kenya Medical Research Institute (KEMRI) established ongoing clinic-based surveillance for diarrheal disease in Asembo, a rural, 200-km 2 area in the Siaya District of western Kenya, which borders Lake Victoria. The 53,000 residents of Asembo live in ∼79 villages and are primarily subsis-tence farmers and fishermen. Most residents do not have electricity or running water. It is estimated that the annual mortality rate in the region for children !5 years old is ∼53/1000 (CDC and KEMRI, unpublished data). Health facilities in Asembo include 10 government clinics, 3 private or mission clinics, and 1 mission hospital.
Methods
Surveillance and specimen collection. Between 1 May 1997 and 30 April 1998, enhanced surveillance for diarrheal illness among clinic attendees was conducted at 3 sites in Asembo (2 government health clinics and a mission clinic and hospital), in conjunction with a randomized, controlled trial on the efficacy of insecticidetreated bed nets on child mortality and morbidity (CDC and KEMRI, unpublished data). A stool specimen and information on patient demographics, medication use before the clinic visit, and reported symptoms were obtained from patients with diarrhea (defined as у3 loose stools in a 24-h period, at any time within the preceding 5 days). Specimens were collected every weekday at the mission hospital site and on alternate days at the 2 government clinics. In addition, a fourth, daily collection site was added in October at a small private clinic in Asembo. Among children !12 years old, all visits to the 14 clinic or hospital sites in the region were recorded; of those children with symptoms of diarrheal disease, ∼21% were seen at 1 of the 4 surveillance clinics and had a stool specimen cultured for bacterial enteric pathogens.
If the patient was unable to produce a whole stool specimen, a rectal swab was obtained. All specimens (including a swab of each whole stool specimen) were placed immediately in Cary Blair transport medium and were kept in a refrigerator or on ice for same-day transport to the CDC/KEMRI Microbiology Laboratory near Kisumu. All specimens arrived at the laboratory within 6 h of collection and were processed the same day. Culture results and antimicrobial susceptibility results were returned to the clinic officers at each health facility within 1 week of specimen collection and were used by health care providers to evaluate treatment decisions. Demographic data and stool specimens also were collected from 100 patients who did not have diarrhea during the previous 30 days. Children were targeted selectively to provide these specimens, to control for pathogens such as Campylobacter and Salmonella, which commonly are shed for long periods of time during childhood. These specimens were obtained at the 4 sites during both the dry and rainy seasons between December 1997 and April 1998.
Laboratory procedures. All stool specimens were cultured at the CDC/KEMRI Microbiology Laboratory for Shigella species, Salmonella serotype Typhi, and other Salmonella and Campylobacter species. In addition, stool specimens from patients with watery diarrhea were cultured for Vibrio cholerae O1 and O139, and the first 100 specimens from patients with bloody diarrhea were tested for Escherichia coli O157:H7, using sorbitol-MacConkey agar and O157 latex reagent. Testing for other Shiga toxin-producing E. coli, enterotoxigenic E. coli, enteropathogenic E. coli, enteroaggregative E. coli, rotavirus, and parasites was done on selected pathogens, and the results will be presented elsewhere.
Antimicrobial susceptibility testing was done at the CDC/ KEMRI Microbiology Laboratory on all bacterial pathogens (excluding Campylobacter species) by use of the disk diffusion method. Susceptibility to the following antimicrobial agents was tested: ampicillin, amoxicillin-clavulanic acid, ceftriaxone, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, nalidixic acid, streptomycin, sulfisoxazole, tetracycline, and trimethoprim-sulfamethoxazole [5] . The National Committee for Clinical Laboratory Standards has established interpretive criteria for V. cholerae for the following drugs: ampicillin, chloramphenicol, sulfisoxazole, tetracycline, and trimethoprim-sulfamethoxazole. Criteria established for the Enterobacteriaceae were used to interpret results of other susceptibility tests. Antimicrobial susceptibility results were confirmed at CDC in Atlanta. Isolates of Campylobacter species were tested at CDC by the Etest (AB Biodisk) method for susceptibility to ciprofloxacin, chloramphenicol, clindamycin, erythromycin, nalidixic acid, tetracycline, and trimethoprim-sulfamethoxazole [6, 7] . Interpretive criteria for susceptibility testing have not been established for Campylobacter species.
Results
Overall, 729 stool specimens were collected from patients with diarrhea at the 4 surveillance sites during the 1-year period, and 244 (33%) yielded Shigella, Campylobacter, Salmonella, or Vibrio species. In 14 specimens, 11 such pathogen was identified, for a total yield of 258 bacterial pathogens isolated from the 729 specimens (table 1). The median age among all clinic patients who provided specimens was 11 years (range, 1 month to 80 years), and 46% were !5 years old. Forty-eight percent of patients were male. The median age among persons who provided control specimens was 5 years (range, 1 month to 51 years). Among all patients meeting the case definition, fever was reported by 76%, nausea by 62%, vomiting by 48%, and abdominal cramps by 80%. Seventeen percent of specimens were bloody, and these were from patients whose median age was 25 years (range, 3 months to 73 years), an age significantly older than that for patients with nonbloody specimens (median age, 4 years; range, 1 month to 80 years;
). P ! .05 Among all patients with diarrhea, Shigella species were the most common pathogens isolated, followed by Campylobacter species and V. cholerae O1. Among children !5 years old, Campylobacter species were the most common pathogens isolated. Fifty-six (45%) of 124 bloody stool specimens yielded Shigella species, whereas only 4 bloody specimens (3%) yielded Campylobacter species. A cholera outbreak in western Kenya reached Asembo in October 1997, and after that time, V. cholerae O1 was the most commonly isolated pathogen: among bacterial pathogens isolated between 22 October 1997 and 30 April 1998, 45 (34%) of 133 were V. cholerae O1.
Resistance to antimicrobial agents was common among all pathogens (table 2). Among 70 Campylobacter species isolate susceptibilities determined by Etest, 95% were below the standard resistance breakpoints for chloramphenicol, ciprofloxacin, clindamycin, erythromycin, and tetracycline; 76% were below the breakpoint for nalidixic acid; and 46% were below the breakpoint for trimethoprim-sulfamethoxazole.
Among tested primary isolates from 241 patients, 216 (90%) were not susceptible to у1 antimicrobial agent tested, and 178 (74%) were not susceptible to у3 agents tested. Among Shigella species, multi-agent antimicrobial resistance was common. All Shigella dysenteriae type 1 (Sd1) isolates tested were resistant to у6 agents (chloramphenicol, trimethoprim-sulfamethoxazole, tetracycline, ampicillin, sulfisoxazole, and streptomycin). V. cholerae O1 was generally susceptible to tetracycline, the most commonly used antimicrobial for suspected cholera in western Kenya; however, one isolate collected in February 1998 was resistant to tetracycline.
Antimicrobial agents (penicillin, ampicillin, trimethoprimsulfamethoxazole, tetracycline, nalidixic acid, metronidazole, or gentamicin) were prescribed for 76% of children diagnosed at clinics in Asembo with gastroenteritis, diarrhea, or dysentery. Before seeking treatment at the health clinic, 12% reported taking у1 antimicrobial agents. Information on antimicrobial agents administered at the clinic was available for 112 patients who were treated empirically with у1 antimicrobial agents and whose stool specimen yielded an isolate for which resistance testing was done. Of these patients, 57 (51%) received only antimicrobial agents to which their isolate was later found to be nonsusceptible. Among patients with Shigella species, 37 (84%) of 44 for whom information was available had been given only ineffective agents.
Discussion
Antimicrobial-resistant bacterial diarrhea is a significant public health problem throughout the developing world [8] [9] [10] . In western Kenya, our finding that more than half of all pathogens were not susceptible to empiric therapy demonstrates the magnitude of the problem. Ineffective treatment has multiple potential consequences: (1) it delays the time until effective treatment is offered to patients when antimicrobial agents are indicated, (2) it creates a false sense of security for both patients and health care providers, (3) it adds significantly to the cost of treating diarrheal illness, especially relative to per capita income in Kenya, and (4) it contributes to the development of further resistance of both enteric and nonenteric bacterial pathogens. The development of antimicrobial resistance limits treatment options available for potentially fatal epidemics of Sd1 and V. cholerae O1 [11] .
In western Kenya, as in many developing countries, antimicrobial agents are widely available; most are sold without prescription at chemist shops, and many are even sold by vendors in market stalls. At government health clinics, antimicrobial agents are dispensed according to an algorithm, and indications include suspected bacillary dysentery and severe dehydrating diarrhea (i.e., suspected cholera). However, our results demonstrate that, in practice, most of the children (76%) who sought treatment in health clinics in Asembo during our study period for either gastroenteritis, diarrhea, or dysentery received у1 antimicrobial agents. The failure of current treatment programs to deliver effective antimicrobial agents for diarrheal disease in areas such as Asembo indicates the need for tighter restrictions on the availability of antimicrobial agents, standardization of treatment practices among clinical officers and physicians, and programs aimed at the primary prevention of diarrheal diseases (i.e., the provision of safe drinking water and improved sanitation). In addition, selection of effective antimicrobial agents, when indicated as part of optimal case management, could be improved by expanding laboratory-based antimicrobial susceptibility testing at selected sentinel sites.
Sd1 is an endemic pathogen in this region, and the potential exists for periodic Sd1 epidemics during favorable conditions, as occurred in Asembo in 1995 [11] and early 1997 during the dry season and at the beginning of the rainy season (CDC and KEMRI, unpublished data). The high level of antimicrobial resistance among Sd1 isolates has been observed in previous studies in Africa [10] . Although all isolates were susceptible to nalidixic acid and ciprofloxacin, chromosomal resistance to these agents is easily transferred [12, 13] , and experience in other parts of the world has confirmed that resistance to these agents arises rapidly once selective pressure is exerted through intensive use of quinolones and fluoroquinolones [12, 13] .
A cholera epidemic began in Asembo in October 1997, and the first known case in Siaya District was detected through this surveillance system [14] . In February 1998, the first isolate resistant to tetracycline-the antimicrobial agent used most commonly to treat cholera in the region-was detected. Monitoring antimicrobial susceptibility for V. cholerae O1 is useful, since antimicrobial therapy is recommended as an important adjunct to rehydration [15] .
Our findings show that a high percentage of cases of diarrhea in rural western Kenya is caused by antimicrobial-resistant bac-teria, thus illustrating the effect of longstanding, unregulated antimicrobial use. Most enteric pathogens easily share genes for antimicrobial resistance, and the continuous selective pressure applied by the over-the-counter availability of these agents, as well as the prescription of these agents at most clinic visits, has potentially lethal consequences for a region plagued by epidemics of Sd1 infection and cholera. Judicious use of antimicrobial therapy requires the education of health workers and patients, adequate laboratory diagnostic capabilities, and government regulation. Antimicrobial susceptibilities must be monitored, to effectively treat pathogens such as Sd1 and V. cholerae O1. Finally, emphasis should be placed on primary preventive measures, such as ensuring sewage management and safe drinking water in underdeveloped regions like Asembo. The long-term benefits of such investment in infrastructure are highlighted by the failure of antimicrobial therapy to effectively treat diarrheal diseases in the developing world.
